For many years, surgeons have sought a method to treat severe facial deformities without using bone grafts and extensive surgery. Distraction osteogenesis offers this promise. The technique used in mandibular hypoplasia follows the basic principles proposed by Ilizarov which states that the device must be elongated 1 mm per day to create optimal bone production. Despite the widespread implementation of this recommendation to include the 1-mm/day separation, doubt still exists as to whether this is the optimal treatment regimen.
For many years, surgeons have sought a method to treat severe facial deformities without using bone grafts and extensive surgery. Distraction osteogenesis offers this promise. The technique used in mandibular hypoplasia follows the basic principles proposed by Ilizarov which states that the device must be elongated 1 mm per day to create optimal bone production. Despite the widespread implementation of this recommendation to include the 1-mm/day separation, doubt still exists as to whether this is the optimal treatment regimen.
Intraoral devices with percutaneous activator pins were used in 16 patients with hypoplastic mandibles. The results of distraction were documented by panorex and cephalogram of the mandible. The length of the ramus as well as multiple mandible dimensions and facial angles were measured. The panorex and cephalogram of the mandible were effective in demonstrating the significant increase in length of the mandible and ramus, as well as the entire mandible, but there was no correlation between the stretching obtained by the distraction device and that measured by the radiographic studies. The S-N-B angle was the only facial angle in which there is a statistically significant increase measured and this appeared to be related to a mandible rotation. It is concluded that the mandible distraction (using an intraoral device and an external activator pin) was effective in increasing the ramus length and both the panorex and the cephalogram were effective in demonstrating this morphologic change. There was no correlation between the clinical result and the radiographic studies demonstrating that the clinical judgment still has a significant role in controlling mandible distraction.
Key Words: Mandible, bone distraction, craniofacial surgery B one distraction developed in the early 20th Century based on bone regeneration work (calostasis). Codivilla 1 initially described the method for stretching the lower limb. Subsequent research on bone distraction continued, but its significance was largely ignored until 1980 when Ilizarov 2 demonstrated his findings related to limb length changes. He had been working in this area since 1951, providing significant clinical information regarding this technique's clinical usefulness. Snyder et al 3 described using external distractors in membranous bones of the craniofacial skeleton. In 1992, McCarthy et al 4 described the first clinical cases. There are a number of papers describing the use of bone distraction techniques for severe facial deformities which permit bone growth in the distracted area. 5Y7 Despite these clinical reports, there are a few reports regarding the evaluation methods of the elongated bone.
Takato et al 8 in 1993 used three-dimensional (3-D) computed tomography (CT) in plastic models during the preoperative evaluation for surgery both for planning and to explain the procedure more clearly to patients. They indicated that this approach permitted better prediction of results. Molina and Ortiz-Monasterio 9 in the first large objective study took lateral and frontal cephalograms on patients to evaluate facial proportions and determine dimensions of the mandible, body ramus, and angle. They also performed mandible panoramic radiographic studies to judge symmetry. The predicted evaluation of the mandible growth was superimposed on the actual result. Alonso 10 also used radiographic studies to compare postoperative results. Losken et al 11 suggested in 1995 the need for better preoperative evaluations. They studied two graphics of facial growth patterns (Bolton and Riolo). They used these techniques with patients with micrognathia developing a formula to predict the correct positioning on the mandible segment. Others developed mathematical models for surgical planning. 12 In 1997, Roth used 3-D tomography to quantitatively define volume changes in pre-and postoperative cases of mandible distraction. He studied both unilateral and bilateral distraction patients and found that the mean increase in bone volume was 2.8 mL and the mean volumetric gain was 27% in hemi-mandible distracted patients. In patients who were distracted bilaterally, the mean increase in total mandible volume was 7.9 mL and the mean percentage of bone volume increase was 25%.
Carls and Sailer 7 used the cephalogram to determine the distance between pogô nio (POG) and articulare (Art) as reference points for evaluating postoperative results. The difference in distance, preand postoperatively, varied from 3 to 18 mm with a mean of 9.3 mm. The distance was smaller in unilateral patients than in bilateral. Additionally, in some patients, the authors performed tomography and ultrasonography to further assist in defining the degree of elongation. Gatefo et al 13, 14 stated that there were few reports related to the planning of distraction of the mandible and when compared to standard orthognathic surgery, significant preoperative surgical planning is necessary to achieve the predicted results. They developed a method that involved the use of 3-D models and virtual surgery using 3-D CT scan. They employed this technique in seven patients and concluded that with this type of preoperative planning, results were predictable and reproducible. Rubio-Bueno et al, 15 in 2001, studied intraoral distraction of the mandible with an emphasis on preoperative surgical planning. They had 16 patients who submitted to 20 distractions, with ages varying between 9 and 31 years, resulting in elongation of 15 to 32 mm. Three-dimensional CAT scanning allowed for an accuracy of millimeter comparison between pre-and postoperative results. After extensive review of the literature, the authors could not find studies that compared the measurements on cephalogram or the mandible panorex that would permit an objective documentation and understanding the limits of gradual mandible distraction.
The aim of this study then was to compare the measurements obtained by cephalogram and panorex of the mandible with the measurements observed.
CASUISTIC AND METHOD
T he following study was evaluated and approved by the Assistance Center for Cleft Lip and Palate (CAIF) from Health Secretary of Parana State. All patients were submitted to clinical and orthodontic evaluation and panorex of the mandible, cephalogram, and dental casts were done on each patient. Sixteen patients with mandible hypoplasia were analyzed and submitted for surgical treatment. Their ages varied between 5 and 19 years with a mean of 11 years. Nine patients were male and seven patients were female. Craniofacial microsomia was the most frequent deformity (observed in 13 patients), with 5 patients demonstrating microsomia on the patient's right, 5 patients on the left, and 3 had bilateral microsomia. Four patients previously had mandible distraction beforehand and 1 patient had undergone a costacondral graft reconstruction of the ramus.
Physical examination included a description of the dental occlusion and the degree of mandible hypoplasia was recorded. Almost all the patients presented with cross bite and oblique occlusal plane ( Table 1) .
The surgical technique utilized for the treatment of mandible deformities varied according to the type of hypoplasia and the amount of bone regeneration ( Table 2 ). The internal distraction device with an external activator pin was used (manufactured by ENGIMPLAN\) (Fig 1) .
The surgical procedure was performed under general anesthesia with nasotracheal intubation. The mandible contour and the future position of the device of the osteotomy were imprinted over the hypoplastic mandible (Fig 2) . The preferred incision was intraoral overlying the anterior line of the mandible ramus and body. The Risdon incision was performed in those cases when there was limited oral opening as in cases with TMJ ankylosis. A careful subperiosteal undermining was performed over the mandible angle, and the osteotomy was located parallel to the lower border of the mandible using a Lindermann saw. The distraction vector chosen was oblique with a vertical predominance. The device selection was determined prior to surgery using a panorex and a cephalogram as guides. In Patient 4, two devices were used ipsilaterally. The first device was obliquely positioned to elongate the mandible ramus and the second device was placed vertically over the region of the condyle to elongate the bone segment (transport disc). The bone segment was osteomized from the hypoplastic mandible ramus to recreate the condyle. This patient underwent a second distraction using an intraoral device. Patient 1 underwent mandible distraction with an intraoral device on two different occasions in less than one year. In three cases, the mandible distraction was done bilaterally. In summary, 16 patients were operated and 21 mandible distractions were performed. The initial elongation at the time of osteotomy was 4 mm to keep local tension on the soft tissues and avoid proximal mandible movement. It also provided a confirmation that a complete osteotomy had been performed. After a mean period of 5.1 days, ranging from 3 to 8 days, the device activation was initiated at 1 mm per day. The mean lengthening achieved was 23.05 mm, ranging from 18 to 29 mm (using just one side for measurement in bilateral cases). When the desired lengthening was achieved, the device was kept in situ for a mean period of 71.6 days ranging from 37 to 113 days. All patients were followed by the orthodontic team. In unilateral cases, bite blocks or maxillary orthopedic devices such as a bionator was used following removal of the device to maintain posterior occlusal space and permit the vertical maxillary growth to correct the posterior open bite.
RADIOLOGIC STUDY
T he panorex and cephalograms were done for every patient pre-and postoperatively. X-rays were scanned and the points, lines, and distances were measured over a computer monitor. Radiographic studies were performed by one individual with accuracy confirmed by a second evaluator. Software used were the Radioimp for the panorex and Radiocef 2.0 S4 for the cephalometric studies. The predetermined reference points and the length and angle measurements were calculated by the computer.
Using the panorex, the grades of hypoplasia were defined using the Pruzanski scale of I, IIA, IIB and III (Table 1 ). In 11 patients with unilateral deformities, 2 were grade I, 4 were grade IIA, 4 were grade IIB, and 1 was grade III. In five patients with bilateral deformities, three sides were grade I, five sides were grade IIA, one side was grade IIB, and one side was grade III. Three points were used to determined symmetry. Point 1 was the most superior and posterior part of the condyle. Point 2 represented the inferior border of the mandible in which the body begins and the inferior line becomes horizontal. Point 3 corresponds to projection of the line between the mesial surface of the inferior medial incisor teeth over the inferior border at the mental region. The ramus length is defined as the distance between points 1 and 2 and the mandible body length is defined as the distance between points 2 and 3. (Fig 3) .
The acetate paper drawing of the cephalogram gave the contour of the mandible both in the pre-and postoperative periods. A study of the mandible ramus permitted comparison between the amount of bone gained or lost in relation to the amount elongated. Using a cephalogram drawing (USP, UNICAMP and MCNamara patterns), the following angles and distances were chosen to measure: N-Pog. Po-Orb; S-N-.A; S-N-B; S-N-Gn; S-N-Ocl; ramus length and mandible length.
Total mandible length (McNamara) (Co-Gn) measured in millimeters, the distance between the condilium point (Co) to the Gnatium point (Gn). In adults the normal length is 103 mm. The ramus length (UNICAMP pattern) is the distance between condilium and gonial (Go) points is equal to 53 mm. This measurement measures the height increase or decrease in the posterior phase.
The N-Pog.Po-Orb angle (facial deepness) has a normal value of 88-and in 9-year-old children, it is represented by a mean value of 87-. This measure puts the mentum in a horizontal position and serves as a reference to class II or class III skeletal relationship. The S-N-A angle with a normal value of 82-evaluates the sagittal maxillary position and must always be analyzed with the s-N-B angle which evaluates the sagittal mandible position. The mean value is 80-. The S-N-Gn angle has a mean value of 67-and shows the growth tendency in both vertical and horizontal directions. The S-N-Ocl angle has a mean of 14.5-and represents the inclination of the occlusal plane in relation to the skull base.
As the variables had a continuous distribution, the ANOVA test was used together with Snedecor F test for comparison. Statistically significant differences were assessed using the Student t-test.
RESULTS

E
ight right and seven left mandibles were elongated unilaterally, and both sides were elongated in three patients. The ramus elongation was documented by Panorex pre-and post-distraction. The results are described in Table 3 . Linear and angular measurements done prior to distraction were evaluated to determine symmetry and any preoperative structural variations. No differences were found. There was a mean increase of 21.28% of the ramus length (P G 0.01). However, the sample showed no uniformity related to ramus elongation. Values range from negative, in patients 7 and 9, to significant increases in patients 3 and 17. When evaluating laterality, the right side was greater than the left with the elongation of the right ramus being 37.07%, the left ramus was 13%. Bilateral ramus elongation was 9.05% representing a statistically significant difference (P G 0.01) in each analysis.
Evaluation of the elongation as documented by cephalogram in the pre-and post-distraction periods (Table 4) , patients 01A, 04A, and 09 were excluded because of lack of preoperative evaluation and were excluded from the statistical study. Elongation was compared to the differences between measured points one and two on the panorex in pre-and post-distraction times (Table 5 ). In the remaining patients, the ramus increased overall 19.09% (P G 0.01) and total mandible length was increased 9.43% (P G 0.01). Ramus lengthening, as determined by the measurement caliper, and panorex were compared to measures of elongation of the ramus by cephalogram in the pre-and post-distraction periods. The results were similar to the above comparison, i.e., there was no statistical correlation between the measured elongations (Tables 6 and 7) .
During pre-and post-distraction, times were evaluated by ANOVA (Table 8 ). There were significant variations in deformity between patients. The S-N-B angle was the most altered with mandible lengthening (P G 0.05). Relative to N-Pog Po-Orb, S-N-A, S-N-Gn e S-N-Ocl angles, there was no significant difference pre-and post-distraction.
DISCUSSION M
andible distraction modified conventional treatment of congenital and acquired deformities of the mandible. Traditional osteotomy techniques are complex and often incomplete. Elongation of the mandible by distraction, on the other hand, is a less complicated surgical procedure that may preserve the integrity of the inferior alveolar nerve and vascular supply. It represents enhanced therapeutic options for treating patients with mandibular deformity. 5 From the very first stages of bone distraction of the human mandible, it was recognized that the development of a simple, multidirectional, miniaturized and stable device would be necessary for wide use of the principles of bone distraction in the craniofacial skeleton. 16, 17 The possibility of using an internal distraction device offers the advantage to provide more stability during bone fixation and better acceptance by patients and relatives during this process. When an external device is used, the pins that penetrate tissues widen with local tension resulting in large scars. This effect has been described by Molina and Ortiz-Monasterio 9 and Alonso et al. 18 The external device is frequently diminished due to the ''cantilever effect'' distortion of the device from a linear to a curvilinear form occurs. Internal devices, on the other hand, do not have the same degree of distortion in the elongated bone segment. It is similar to elongation measured at the level of the device. In bilateral cases, the measures were done at the right side (closest to the X-ray machine).
Patients classified as 01A, 04A and 09 were excluded due to lack of this variable measurement in pre-distraction period. r = 0.1783. 
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Internal devices may be difficult to use in very young patients or in patients with severely hypoplastic mandibles, however. Internal distraction devices are at this time largely unidirectional. Some patients require elongation in the vertical and horizontal directions to correct ramus hypoplasia and mandibular body length. Therefore, devices need to be developed which can achieve elongation in both directions optimally. Previous research has demonstrated an elongated segment stays firm indicating that the intraoral device has enough resistance to keep the repositioned bone segments in place and prevent relapse. 19 In this study, we found lengthening of approximately 20% of the ramus size (measured by panorex and the cephalogram) up to 6 months following the distraction (Tables 3 and 4) . The fact that the hypoplastic mandible has less growth potential than the normal side makes for a continued mismatch in mandible growth used after the initial treatment of unilateral mandibular hypoplasia. This finding suggests that poor results do not necessarily depend only on methodologic failures, but also due to the degree of deformity in the mandible at the outset.
While the experience with orthognatic surgery clearly shows that careful preoperative surgical planning is necessary to get a predicted result, there are few studies regarding mandible distraction planning. Ganteno et al 12 used preoperative CT scan planning to show that it is possible to obtain homogenous gonial angle using unilateral distraction. The malformation of bone to be expanded in the mandible influences the planning of the desired vector, the magnitude of skeletal gap correction, and the choice of osteotomy angle and location. A focused physical examination observing the symphyseal midline, incisor midline, and the oral commissure position are important indicators of clinical outcome. A cephalogram analysis, dental models, arranged in an articulator, and a panorex to manage each case must be studied. The direction of the osteotomy and the vector selected for bone lengthening must be based on the observed bone deficiency and the position of dental buds. This requires both a clinical and a radiographic evaluation. Distraction can occur in horizontal, vertical, and oblique directions depending on the relationship between the larger mandible access and the device vector. Vertical distraction is indicated to elongate a primary vertical ramus deficiency. The horizontal vector is used to elongate a deficiency in the body of the mandible as is commonly seen in micrognathia cases. If an oblique vector is chosen, both the mandible body and the ramus are elongated. In the current clinical series, we preferred the oblique vector with vertical predominance because the larger deficiency in craniofacial microsomia is in the vertical dimension of the ramus.
Losken et al 11 proposed a formula for the pre-op surgical planning of correct pin placement to treat patients with hypoplastic mandibles by distraction techniques. The authors used two graphics of facial growth pattern (Riolo and Bolton). Despite this study, we could not find any other corroborative studies using this approach. The points and distances chosen are used in the panorex evaluation, but internal device distraction elongation measurement should be done at the level of the screws.
Using lateral cephalograms, Carls and Sailer 7 measured the distance between pogonium and condilium (or articulare) (mandible length) before and after mandible lengthening. They found an increase of 3 to 18 mm, an average of 9.3 mm, achieved. This increment was smaller than in unilateral hypoplasias, when compared to bilateral, presumably due to added distraction with bilateral devices in these cases. We have put 21 internal devices with bone lengthening measured to be 23.05 mm at the level of the device and compared this to the panorex where an increase of 7.42 mm or 20.18% was achieved. When compared to measurements of the cephalogram, there is an increase of 6.21 mm or 17.62% of lengthening. As all the internal devices showed some rotation of the axis regenerated bone, we can conclude that the difference found between the bone elongation described by the radiographs, and the measurements of lengthening at the level of the distraction device, were due to the device deformation, muscle traction and bone reshaping. The first research describing bone volume increase resulting from bone distraction was done by Roth et al. 20 These authors used CT scanning to assess the mandibles volumetrically before and after bone distraction. They found that unilateral lengthening caused an increase in bone volume that was 2.8 mL, with mean percentage of volume gain of 27% in the distracted mandible. At bilateral lengthening, the mean increase of total volume was 7.9 mL with a mean percentage of bone volume increase of 25%. The authors concluded that quantitative volumetric scan analysis was an accurate method in bone regeneration evaluation in these patients. These findings were similar to the results showed by the two methods that were evaluated in the present study. We believe that the way the tomography was performed in our study gives a high quality evaluation of the distracted mandible, but more studies must be done using this technique to confirm its applicability. But one must also weigh in the balance the relatively high X-ray exposure in these children because of thin serial cuts needed for correct volumetric measurement.
Gatefo et al 13 developed a planning method that involved the use of 3-D models and animation to simulate bone distraction in virtual reality. The author concluded that despite the potential advantages of this method, clinical judgement is still necessary to optimize distraction planning. We agree with their findings because we could not find a correlation between the length observed in the device measured by the panorex and the cephalogram. Besides both exams show that the clinical evaluation is fundamental throughout preoperative analysis and follow-up.
The panorex and the cephalogram are more accessible exams than the 3-D CT scans and they permit the evaluation of the mandible contour. In a review of the literature, we were unable to locate any previous studies that showed these two methods as a means of predicting the outcome of the elongation distraction surgery. The Radioimp 2000 and Radiocef 2.0 tests were used, respectively, to measure the distances and angles in the panorex and cephalogram studies which were converted to clinically useful measurements.
When the panorex was studied, we noticed that it demonstrated that additional bone occurred with the distraction (Table 3 ), but it was not possible to correlate the length obtained by measurement of the device elongation and that obtained by panorex (Table 5 ). The number of device turns and, as a result, the lengthening as measured by device distraction, does not correspond with the bone addition observed by the panorex. When each side was studied separately, a statistically superior result was observed on the right of the unilateral right sided cases ( Table 3 ). The explanation for this is probably related to the lack of sample uniformity. It is difficult to obtain a homogenous sample of hypoplastic mandible (Pruzanski grade I, IIA, IIB and III), ramus shape, sex, and age in the studies. These variables might influence the overall lengthening result.
The cephalogram also showed similar results when compared to the panorex. In Table 4 , ramus size increased approximately 17% and total mandible length increased 8%. This showed the effectiveness of the distraction lengthening method when internal devices were used. Therefore, when a comparison between the device elongation and the ramus measurement is documented by cephalogram, no true correlation existed. Comparison of both methods, Table 7 , did not show a correlation between bone addition as measured by the panorex and the cephalogram. We believe that the combination of both methods is the best way to monitor patients' growth.
The radiologic exams showed that the proximal segment of the mandible suffered a 3-D rotation and transition movement with the coronoid process being positioned more superiorly after the distraction. This can be explained by the influence of the musculature involved, mainly the action of the temporalis muscle which pulls the coronoid process upward. 19 This was a frequent observation in the intraoral devices used in our study. This observation may explain the negative result in bone length increases in panorex patients 7 and 9. This measurement probably related to translation of the osteotomies proximal segment resulting in a false shortening of the ramus and changing the G point at the mandible angle. This occurred despite some improvement in facial contouring and occlusion (Figs 4 and 6) .
With respect to facial angles as measured by the cephalogram, we found that just the S-N-B angle showed a significant increase in mandible distraction using this device. During the pre-and postoperative distraction periods, angular values were less than the mean, but they approximated the normative value of 80-, indicating improved the sagittal position of the mandible. The S-N-Gn angle showed a tendency toward growth in the vertical and horizontal directions, but we did not see an alteration in mandible growth with the exception of gnathium. This point is the most inferior one in the mental region.
The S-N-A and S-N-Ocl angles did not show significant alterations, suggesting that there is an absence of alteration in the maxilla over a six-month period following distraction. The S-N-Ocl angle measures the inclination of the occlusal plane and lengthening the mandibular ramus. As documented by radiographic findings, the dental cuspid relations of both jaws did not vary significantly. We believe the follow-up time is too short to see effects of maxillary and facial growth. The N-Pog.Po-Orb angle or facial deepness is used to define the mentum in the horizontal plane and to determine whether there is a class I or class II skeletal relationship in the face. There was no statistical difference in 10 of the 15 measurements done, although an increase in this value was observed. This tendency toward incremental angle change may demonstrate that there was effective bone growth, leading to a repositioning of the mentum relative to the Frankfurt plane.
CONCLUSIONS B
one distraction of internal devices is effective in elongating the hypoplastic mandible, with clear improvement in facial appearance, symmetry, and dental occlusion. The panorex and the cephalogram are capable diagnostic methods to show significant increase in ramus and total mandible lengthening. However, there is no correlation between values measured by the two methods and that measured by elongation of the distraction device. This suggests that clinical judgement remains a valuable evaluative method.
The N-Pog. Po-Orb, S-N-A, S-N-Gn e S-N-Ocl angles showed no discriminative ability to evaluate mandible distraction using internal devices. Only the use of the S-N-B angle changed significantly with mandible lengthening.
Our experience suggests that bone distraction can be used with success for the treatment of hypoplastic mandibles. The long-lasting effects of early correction of the skeleton are still unknown. Further experimental studies and longer follow-up times of clinical cases are necessary for final conclusions to be drawn regarding the stability of the bone growth and correction of the mandible deformity.
